The synthesis of rlbosomal precursor RNA in Novikoff hepatoma (NISI) cells is very sensitive to cordycepin (3'-dA). The synthesis of hnRNA, however, is resistant to inhibition by concentrations of 3'-dA that completely block the synthesis of 45S ribosomal RNA precursor. We have examined the RNA polymerases present in these cultured cells with regard to their sensitivity to cordycepin 5'-triphosphate (3'-dATP) in an effort to explain the differential inhibition of RNA synthesis observed in vivo. RNA polymerases I and II were characterized on the basis of their chromatographic behavior on DEAE-Sephadex, as well as the response of their enzymatic activities to ionic strength, the divalent metal ions M n 2 + and Mg2 + , and the toxin aamanitin. For both enzymes the inhibition of in vitro RNA synthesis by 3'-dATP was competitive for ATP. The Y^ values for ATP and the K^ values for 3'-dATP for the two enzymes were quite similar. RNA polymerase II, the enzyme presumed responsible for hnRNA synthesis, was actually slightly more sensitive to 3'-dATP than RNA polymerase I, the enzyme presumed responsible for ribosomal precursor RNA synthesis. Similar data were obtained when the RNA polymerases were assayed in isolated nuclei. These results indicate that the differential inhibition of RNA synthesis caused by 3'-dA in vivo cannot be simply explained by differential sensitivity of RNA polymerases I and II to 3'-dATP.
Chromatography of a nuclear extract of Novikoff hepatoma cells on a DEAE-Sephadex column was performed as described in Experimental Procedures. Samples (50 pi) of various fractions were assayed for RNA polymerase activity in the Limiting UTP Reaction Mixture.. The concentration of (NH^^SO^ in various fractions was determined by conductivity measurements. The brackets indicate the fractions which were pooled for concentration by phosphocellulose chromatography. tography for further characterizations. At this stage, the RNA polymerases were completely dependent on the presence of DNA, the four nucleoside triphosphate3, and a divalent metal ion for enzymatic activity.
The effect of various concentrations of (NH.KSO, on the activity of RNA polymerases I and II is shown in Figure 3 . RNA polymerase I was found to display optimal enzyme activity at relatively low concentrations of (HN,) 2 Standard reaction mixtures were prepared as described in Experimental Procedures except that 3'-dATP was added to the reaction mixtures at the concentrations indicated. Reactions were initiated by either the addition of RNA polymerase I ( # ) or RNA polymerase II ( • ), incubated for 10 min, and analyzed for RNA synthesis as described in Experimental Procedures. RNA synthesis in reactions containing 3'-dATP was expressed as the percentage of RNA synthesis in control reactions containing no 3'-dATP. In standard reaction mixtures containing no 3'-dATP, 100% activity was equivalent to 4500 CPM of UMP incorporation in 10 min for RNA polymerase I and 1300 CPM for RNA polymerase II. The relative sensitivities of the RNA polymerases to 3'-dATP were also assayed in isolated nuclei. RNA polymerase I was measured by including 3 ug/ml a-amanitin in the reaction mixture. To measure RNA polymerase II activity, nuclei were isolated from cells that received a pretreatment 12 with a low level of Actinomycin D to inhibit RNA polymerase I . Since only 70% of the activity was inhibited by 3 yg/ml o-amanitin, approximately 30% of the nuclear activity from these Actinomycin D treated cells was from polymerases other than RNA polymerase II. Nevertheless, the results shown in Figure 8 using isolated nuclei clearly show that, as was the case with the isolated enzymes, RNA polymerase II is slightly more sensitive than RNA polymerase I to inhibition by 3'-dATP.
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FIG.
8. The effect of 3'-deoxyadenosine 5'-triphosphate on RNA synthesis by Novikoff hepatoma nuclei. RNA polymerase I ( • ) or RNA polymerase II (| ) was selected in assays using isolated nuclei as described in Experimental Procedures. The concentration of ATP in the reaction mixture was 1.0 mM. RNA synthesis in reactions containing 3 1 -dATP was expressed as the percentage of RNA synthesis in control reactions containing no 3'-dATP. In reaction mixtures containing no 3'-dATP, 100% activity was equivalent to 920 CPM of UMP incorporation in 10 min for RNA polymerase I and 1850 CPM for RNA polymerase II. 
